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I. INTRODUCTION, 


The object of this study is to investigate the practical 
applications of the principles developed by Dr. Sverre Petterssen 
in "Kinematical and Dynamical Properties of the Field of Fressure, 
with Application to Weather Forecasting". In addition an en- 
deavor will be made to demonstrate the use of this method in 
studying the movements of West Indian Hurricanes as they approach 
the United States, 

"Practical Rules for Prognosticatins the Movement and De-~ 
velopment of Fressure Centers", by the same author, was used in 
conjunction with the above reference in carrying out this inves- 
tigation, 

To earry out this plan we have selected two separate weath- 
er situations for analysis, namely 20-25 August 1932, and 135-19 
September, 1933. These series were selected because they repre- 
sent two well developed ‘est Indian Hurricanes approaching the 
“ast Coast of the United States. The first of these series 
presents an Opportunity to study the behavior of a hurricane on 
the continent; the second, that of one, which, while remaining 
at sea, is close enough for its influence to be felt on the con- 
tinent. In addition we have an opportunity to attempt to corre- 
late their movements with those cf the pressure systems over 
the United States. 

The data entered on these maps were taken from the ori- 
ginal barograph traces of the various stations, These traces 


were kindly made available by the U. S. Weather Bureau. [n- 





tries were restricted to pressures and tendencies for the two 
previous three hour periods, in order to make reproductions as 
clear as ~ossible. ‘ntries were made in the following order, 
pressure on top or in the station circle, next the pressure 
change for the three hour period ending at observation, lastly 
the pressure change for the three hour period preceding. 

Fronts are drawn as heavy solid lines, isobars as 
lighter solid lines, isallobars for the period ending at obser- 
vation as dashed lines and isallobars for the preceding period 
as dotted lines. JIsallobaric Highs are marked NK and + cor- 
responding to dashed and dotted isallobars respectively. Sin- 
ilarly, isallobaric Lows sre marked F and C©|). Numerical 
calculations being based on pressures and changes of pressures, 
this information is sufficient for the purposes of this work, 
provided the regular surface maps have been analyzed by the 
usual methods, which of course enables us to locate any fronts 
which are present. 

The authors taxe this op:rortunity of expressing their 
apvreciation for the assistance and advice given them by Pr. 
tH. C. Willett, i. Gardner “Emmons, and Mr. H. Clsson in the 
original analysis. 

nspecial thanks are due professors C. G. Rossby and 
H. ©. #illett of the Massachusetts Institute of Technology for 
their helpful advice in the preparation of this paper. 

The opportunity of studying the applications of these 
methods under Dr, Sverre Petterssen during the summer of 1935 


was of invaluable assistance. 





Ii. SYNOPSIS OF THE METHOD. 


io attempt will be made to explain the derivations of 
the formulee used in this method, but it is believed that a col- 
lection of formulae with essential notations and definitions 
will be helpful to the reader. 
The following symbols are used throughout 
t = time 
T = tendency 
AT: change in tendency with time 
p= Pressure 
o- partial differentiation with respect to a fixed 
system of coordinates 
o= Partial differentiation with respect to a moving 
system of coordinates. 
C= velocity; C= velocity of a line (trough, 
wedge ) 
C,: velocity of a front 
h = Distance between two neighboring unit isobars, 
along a straight line. 
Al ~ Acceleration 
S= Displacement 
Points on the map used in computations are lettered for purposes 
of identification and are not to be confused with the above syn- 
bols. 
Definitions. 
Ascendant «- here using the term "Ascendant" of a property 


we mean the increase of thet property with respect to Space. 





The ascendant of any scalar field is a vector cuantity, every- 
where perpendicular to the iso lines of the property under con- 
sideration. The term "Gradient" means the decrease in the 
property with respect to space. 

"Effective tendency" is the algebraic difference between 
the observed tendency and the tendency due to the diurnal pres- 


sure variation at that station for the same period. 
eee a Witeesecter Taos 


"Tendency" is the variation of pressure with respect to time 
only. It is reported as the net change in pressure in a time 
interval of three hours. Thus when © enters a formula, it is 
taken to mean a numbor of three hour intervals or tendency pe- 
riods, 


aie T, T, 


es Previous Ceudency Revied . 


"Deepening" is a decrease in pressure of any system. 

"Filling" is an increase in pressure of any system. 
"Characteristic line" is an identifiadie line on the mep, i.e. 
iscbar, trough, wedge, front, isallobar, etc. ‘Thus the center 
or a pressure system becomes the intersection of two character- 
istic lines and is known as a characteristic point. 

Velocity formulae. 
Iscbar. Cc-=-Th where h is the perpendicular 


distance between unit isobars. 
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Subscript 1 refers to the area in advance of the Front, 2 re- 


fers to that area behind the front. 





Center of Low, Center of High, ) a Ee) 2 = ee 
_ > | Te 7D Fo) 
Trough or edge ) po” * lan W'S, 
Deo ant a ae te a aS an alternate formula 


for application when unit chosen is less than three degrees of 
latitude. ‘The advantage of using this formula is that the value 
of the tendency is not taken at a point immediately behind the 
trough line. 

Oceluding velocity 
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Aceeleraticn formula 
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This is the most convenient formula for use as an approximation. 


Deepening and Filling. 


Viceeen = Yo bie SEL a 17 ee Taco 
Displacement. 


GS = Ct +ttat’ 
Cheice of units. 
Inasmuch as all the above formulae are in terms either 
of slopes or curvatures of certain lines, and as the method of 
numerical differentietion is an attempt te approximate the slopes 
or curvatures at certain points, we must take some means to make 
this approximation as nearly exact as possible. To do this it 


is necessary to know the pressure and tendency profiles in the 





region where the computations are to be made. in practice it is 
usually unnecessary actually to draw these profiles except in 
extreme or borderline cases, as with practice one becomes able 
to visualize that region over which the slope is fairly constant. 
the first step in the choice of the length of our unit 
is to draw the tendency profiie in the following manner. Hav- 
ing previously drawn in the smooth isobars and isallobars, we 
choose an axis along which we wish to make our computations. 
‘e draw a set of rectansular axes on a piece of paper and draw 
the profile as shown in the sketch. It will be noticed that the 
abscissae are actual horizontal distances along our axis of com- 
putation, while the ordinates represent tendencies to any con- 
venient scale. <A smooth curve is drawn thru the points so plotted. 
This profile will show up inconsistencies in the drawing of the 
isallobars as it should be smooth and continuous rather than 
jagged. 

From inspection of this profile we decide on the maxim 
length of unit possible. This is governed by the distance over 
which the profile remsins practically a straight line. The formu- 
lae for velocity are based on the slope cf the tendency profile, 
those for acceleration contain both the slope and the curvature. 
/@ must choose our unit so thet we make the closest approximation 
to the true differentials. On the tendency profile sketch, the 
points (a) and (b) denete that portion of the curve where this 
approximation maintains. 

If we are making velceity computations only, we are cone 


cerned with the tendency profile between the points (-£,0 ) 
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and (4.°), Hence this length between (a) and (b) along the 
X axis will represent the unit length, that is, the distance 
from (-1,0) te [~,0 Js 

Now, if we wish to make computation of acceleration, 
we are concerned with the tendency vrofile from (-/,0) to 
(t,o ), $0, our aistence (a) to (b) is twice our unit length. 
Care must be taken that units used for velocity and accelera- 
tion formulae are reduced to a common value for use in the dis- 
placement formula. ‘This obtains when different units are used 
in the computations of acceleration and velocity. 

It will be noticed in the tendency profile sketch 
that the curve does not necessarily cross the ordinate axis at 
a tendency value of zero. The reason for this will be seen 
in the discussion of deepening and filling. 

After drawing the tendency profile we draw the pressure 
profile in a Similar manner. The formulae contain only the 
curvature of this prefile. This forces us to remain within 
the space between the two points of inflection. ‘the distance, 
then, between the points of inflection is twice the maximum 
unit length permitted by the pressure profile. The final unit 
chosen will be a compromise between that shown to be advisable 
by the tendency profile, ancd that from the pressure profile. 
As the tendency cerries much more weight than does the pres- 
sure in the formulae, the unit shoula be chosen sc as to give 
the closest approximation to the tendency profiils. Usually 
the ~ressure profile shows a larger possible unit than the 


tendency profile and the choice in nearly all cases is based 
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Pressure Profile: 





on the tendency profile. 

It is seldom advisable to choose a unit length of less 
than three deszrees of latitude because when so doing, the points 
ehosen may be subject tc the following tendency errors: 

1. Since tendency values are taken for three hour 
periods, the passage Of the trough may influence 
these values because of the pressure variation 


before and after its passage, 


nN 
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Larger units tend to eliminate errors in tendency 
reports and crrors in tendencies due to local 
conditions. 

In cases where it is necessary to choose a smali unit, 
the effect of a Larger unit is obtained by using the alternate 
formula previously listed. Care must be exercised in using 
this alternate fcrmula that the points (1, 0) and (-1, 0) are 
so chosen as to lie within the distance (a) (b) on the sketch. 

The foregoing remarks have been made to apply to an X 
axis. ‘the same remarks ere applicable to any other axis we may 
chocss. ‘ihe unit lensths should be selected independently by 
the above methods, for each axis along which computations are 
to be made, 

| Drawing Isobars and Isallobars. 

Inasimuch as this method of computation is concerned 
solely with pressure and tendency values, it is of vital impor- 
tance that repr sentative values for our formulae are picked 
off the chart. In order to do this we must draw the isobar's 


and isallobars mest carefully. Therefore we must draw smooth, 





carefully spaced isobars, eliminating irregularities due to er- 
rors in reports but being careful to note and construct actual 
irregularities which are made appsrent by @ consistency among 
reporting stations, Change of slope of isobars at Fronts are 
o¢ course essential. ‘trrors in reports may be dus to any cf 
the following causes: 

1. Actual error cf observation. 

2e i srror in reduction to standard level. 

S. urror in coding and decoding. 

4. <rror in transmission. 

Se Deviation of repert from actual observation due to 

coarseness of reporting seale, 

In drawing isallobars we must remember that we are at- 
tenpting to draw iso-lines of instantaneous tendency values. 
Since tendency reports represent a net change of pressure over 
a period of three hours, the reported value dces not necessarily 
indicate this instantancous tendency. The characteristic of 
each stations must be considered in order to arrive at a deci- 
sion as to the instantaneous value at that staticn. For instance, 

+o¥” actually indicates ean instantaneous rising tendency of 

#0Y. How -OYV does not indicate an instantaneous falling ten- 
dency, but actually a rising tendency at the time of observa- 
tien. Also +°Y/ indicates an instantaneous tencency of zero. 

Consideration of the influences acting on the barograph 
at a station which has experienced a frontal or center passage 
within a reporting period, i.e., three hour period, will also 


Show that the reported value is obviously not indicative of the 





instantaneous value. ‘Therefore, the tendencies at these stations 
are disregarded. Likewise stations that have been subject to 
variations in pressure due to local conditions such as thunder- 
storms during the reporting period are similarly disregarded. 
When the network or stations in a given area is dense, 
drawing of isallobars is a relatively simple matter, but when we 
are concerned with an area of sparse reports, with large differ- 
ences in tendencies between reparting stations, the matter of 
drawing isallobars becomes very difficult. However, the same 
area and network with uniform tendency reports at the stations 
would indicate that we could rely on the uniform tendency value 
in that area. So, in the United States, we must consider each 
case as distinct in determining the reliance we can place on 
the isallobars we have drawn. for this reason we are sometimes 
unable to make computations in certain regions. 

“hen drawing isallobars in the vicinity of a l'ront we 
must remember that they are discontinuous at the Front, and that 
the tendency reported at any station along the path traversed 
by the Front in the last three hours is not the true tendency. 
“herefore we must draw our isallobars first from points well in 
advance of the Front back to it and the: from points well in the 
rear of the front to the position which was occupied by the Front 
three hours previously, and finally in a smooth continuous curve 
from these points, across the three hour frontal path to the rear 
side of the present position of the front. That is to say, the 


the tendency reports in the whole area swept over by the front in 


the three hours. previous to the reports are completely disregarded, 


2 





both in drawing the isallobars and in evaluating the formulae. 


Limitations of the Method. 

While the formulae developed and used in this method are 
mathematically correct, their applications to the weather map are 
useful only when used in conjunction with the broad consideration 
of the general pressure distribution. That is to say, ordinary 
judgment must be used in extrapolating velocities. for instance, 
a rapidly moving Low Pressure system would not be extrapolated 
into a large slowly moving High Pressure area. Likewise it must 
be remembered that the results we obtain by use of the formulae 
are only as correct as the approximations we make to the true 
differentials. Therefore, an understanding of the derivation 
and physieal significance of these formulae is essential to 
their intelligence use, 

In applying this method, four general types of situatious 
arise wherein numerical computations are not practical. These 
are : 

l. Sparse network of reporting stations in the region 
under consideration makes the drawins of isobars and 
isallobars unreliable. 

2. Regiors of hish altitude where large pressure redusc- 
tions to the reference plane result in fictitious 
isobars. 

3. Regions where determination of instantaneous tendencies 
are impossible. 

4. Regions of very flat pressure, here the determination 
of the curvature of the pressure profile is impractical 


because Of its smell value. 





JII VeLGCITY CONFUTATIONS. 

The computations of most practical daily use are those 
involving the velocities of Fronts, troughs, wedges, centers of 
Lows and Centers of Highs. This discussion will be limited to 
these types. 

Velocity of a Front. 

Any point where an isobar intersects a front is most 
convenient for computation of velocity. ‘The axis along which 
computation is made should be chosen in the direction of motion 
of the Front at that point. For convenience, whenever possible, 
we choose our axis along the straight portion of an isobar di- 
reetly in front of, or directly behind the front. ‘The axis 
should lie alons the isobar at least for a distance e ual to the 
length of the axis intercepted between neighboring isobars on 
the other side of the front. as 3 along an isobar is zero, 
one of the members of the denomination vanishes. 


Formula for velocity being 
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we sce that it is simply the difference in tendencies before and 
hehind the front, divided by the difference in pressure ascen- 
dants before and behind the front. The use of differentials 
indicates that the values should be infinitely close to the 
¥Yront. TO approximate this, we must use finite differences as 
close tc the Front as possible. ‘ie designate a basic pressure 


ascendant as /O where A represents the distance between unit 
4 





isobars along the chosen axis. The number 10 represents ten 
hundredths of an inch of mercury, being the pressure differ- 
ence between unit isobars. 

In cases where the angle between the isobar and the 
front is small, or where we do not have straight isobars along 
Which to draw an axis, we draw the axis in the direction of 
motion of the Front at that point. This ropees . $0 evaluate 
two pressure ascendants. One of the distances alone this axis 
between unit isobars is made the basic h , the other distance 
is measured in terms of this length. 

Great cere must be taken in determining the signs of 
the pressure ascendants for use in the formula. The sign is 
positives 

1. Going from low to high pressure along positive direc- 
tion of axis. 
2. Going from High to Low pressure along negative direc- 
tion of axis. 
The sign is negative: 
1. Going from low to high pressure along negative direc- 
tion of axis. 
&e. GOing from lii¢h to Low pressure along positive direc- 
tion of axis. 

To determine the displacement of a front, it is advis- 
able to compute the velocity of several points along the Front 
and thereby, in plotting the displacements of these points, 


determine the future curvature of the Front. 





Velocity of Troughs and Wedges. 

Trough lines and wedge lines are mathematically similar, 
and remarks made concerning one are applicable to the other. 

The axis for computation is selected perpendicular to 
the wedge line and tangent at the point of greatest curvature 
of an isobar. The wedge line frequently is not a straight line. 
The unit length is selected in accordance with the previous 
discussion, and the points (,0),(4,9) ete. are leid off along 
this axis with the point ©@,o) being that point of intersec- 
tion of the axis with the wedge line. 

Values at the points are merely picked off the map and 
inserted in the formula, 

The Trough formula is not applicable to a trough con- 


taining a Front. 





Velocity of Pressure Centers. 

Remarks pertaining to a center of High Pressure apply 
equally well tc a center of Low Pressure. The center of the 
system, being the characteristic point, is chosen as the (0,0) 
point and through this we draw BA exis of computation. Fora 
pressure center, we normally draw two sets of axes, perpendic- 
ular to each cther. These axes are usually drawn along the 
lines of symmetry of the system. ‘The units are chosen and ap- 
plied as in the trough formula. 

Displacements computed along these two axes are compo- 
nents of the true displacement and are resolved in the usual 
manner. 


Rotation of the long axis of a pressure center is 
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readily computed by determining the difference in displacements 


of two points on this axis. 


AS @ comparison of formmlae, consider that of the veloci- 


wf" 
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ty of en isobar. 


This formula, while mathematically correct, should be ep- 
plied cautiously for the following reason. The values chosen 
from the weather map for insertion in this formula are chosen 
at a single point on the map. Any variation in pressure or ten- 
dency at this particular point due to local influences will 
give a result which differs from the motion of the pressure field 
taken as a whole. In the application of the various formulae 
which have been developed in K. & D.F., the computer should 
bear in mind that the formula which utilizes the greates[ number 
of points on the map will give the most reliable results, since 
the effect of local variations at any one point will be mini- 
mized. That is, use of a larger number of points in arriving 
at a result will have the effect of lessening the error which 
is caused by the values at one of the points being incarrect. 

For this reason, the method of numerical differentia- 
tion gives the most satisfactory results. Along a given X 
axis, the sneer ises Sel lepenti sy ie8 formula uses five points, 
namely (1, 0); (#, 90); (0, ose, 0). As mentioned before, 


this has the effect of ironing out small inaccuracies, There- 





fore we should expect to get the best results in calculating 
the movements of the centers of High and Low and also wedge end 


trough lines. 


On the other hand, the formula for the velocity of a 


front 
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utilizes the tendency values picked at one point on the Front 
end the pressure ascendants at that point. Thus, although 
Ismoothed isobars and isallobars are used in picking off the 
values at this point, any inaccuracy in arriving at the velues 
for this one point is reflected directly in the result. Yet 
this formula may be applied rapidly and mentally if the axis is 
chosen along the isobar on one side of the front. The chief 
value, then, of this frontal formula for velocity lies in ap- 
plying it at a number of points along the Front and arriving 

at an extrapolated position of the Front by taking a mean of 
the computed points. Quite frequently on weuther maps, Frontal 
situations with weak pressure gradients or scanty pressure re- 
ports, make the exact determination of the position and curva- 
ture of an isobar impossible. In these cases, since the suc- 
‘cess Of the Frontal velocity formula depends on the accuracy 
with which we determine the true gradient, its use is pre- 


vented, 





IV, ACCELERATION COMPUTATIONS. 


As computations of accelerations require the term 4T 
and as this term can not be obtained from cur present reports, 
these computations are impossible on the daily weather map at 
the present time. 

Assuming we have the information with which to evalu- 
ate AT , we may use the formula listed in Chapter Ii for 
acceleration computations of Fronts, Troughs, and Centers. 
(See *. & D.F., page 38). 

Inasmuch as the acceleration is multiplied by 1/2 the 
square of the time in the displacement formule, it is most im- 
portant that its value be determined accurately. Accurate 
determination of this value is most difficult on account of 
the involved nature of some of the members of the formula, and 
also because of the approximations made in the derivation. 

The term AT , Which is the rate of change of slope 
of the barograph trace at a given station is usually the most 
important member of the formula. Its accurate determination 
depends on knowing the instantaneous value of the tendency at 
a point at two different instants. Local variations in pres- 
sure and coarseness of reporting scale are apt to influence 
the most carefully drawn isallobars, hence are sources o7 
error in evaluating aT. 

The second term of the formula contains the slope of 
the tendency prefile and the curvature of the tendency pro- 


file which is the rate of change of slope of the tendency 





20 


profile. The fitiing of units to approximate these slopes is 
impossible in cases where the profiles are steep and the sys- 
tem small. Also errors in approximating the slopes are magni- 
fied in determining the rate of change of slope. 

yor these reasons, as well as the time required for com- 
putation and wide variations in results due to personal judg- 
ment, it is considered that acceleration computations on the 


daily weather map are not practical. 





V. DIURNAL VARIATIONS OF PRiSSURE. 


In order to determine the effect cf changing pressure 
systems on any station, it is necessary to consider the normal 
diurnal variation of pressure at that station. That is to say, 
we wish to sepsrate the change in pressure due to these vary- 
ing pressure systems from the effect of the semi-diurnal wane 
of pressure, as the reported tendency is the resultant of these 
two effects, 

The following is an extract from page 252 in Humphrey's 
Physics of the Air: "There are two classes of well defined, 
twenty-four hour pressure changes. One odteins at places of 
considerable elevation and is marked by a barometric maximum 
during the warmest hours and minimum during the coldest. The 
other applies to low, especially sea level, stations and is the 
reverse of the above, The maximum occurring during the coldest 
hours and the minimum during the warmest." 

To obtain this information exactly we would need to con- 
sider the normal daily variation of pressure at each station. 
in practice we use maps on which are plotted the normal varia- 
tion of pressure for the three hours preceding the 8 A.lf. and 
8 PP... observations. These maps show this tendency over the 
United States. These maps are divided into regions of equal 
tendency values. They are made up for the average normal for 
each month of the year. For periods other than those for which 
the maps are drawn, we must resort to an application of the 
information contained in the above cuotation. To do this we 
make use of a curve of diurnal pressure variation at a station 


which is representative of the area which we wish to consider, 
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in conjunction with the value taken from the normal map for 
thet area. 

As an example of this we show an average daily baromet- 
rie curve for Yashington, D. C., which has been taken from 
Page 232 of Physics of the Air. 

These “normal” values must be subtracted algebraical- 
ly from the reported tendency to eliminate the effect of the 
diurnal variation of pressure. The resuit is then the "effec- 
tive" tendency as defined in Chapter il. 

In computations, except for deepening and filling, the 
effect of diurnal pressure chenge is eliminated since we are 
eoncerned with differences between tendencies in a given area. 
Thus, the tendencies considered are subject to the same diurnal 
change end their difference is that due only to the moving 


pressures system. 
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Vi. DEHPENING AND FILLING 

It is frequently desirable to know whether or not a 
pressure system is changing in intensity, and the rate of this 
change. 

The tendency reported by any fixed station is composed 
of three effects; the change in pressure due to diurnal vari- 
ation of pressure at the station, the change due to the move- 
ment of a pressure system past the station, and the change 


due to a change in intensity of the system. So we may write: 


—— 


deepening fo} quae | eerie lp ee 

The tendeney due to diurnal variation may be determined 
by the methods described in Chapter V. 

The tendency due to movement of isobars past the sta- 
tion may be determined if we know the velocity of the systen 
of isobars, the direction of its motion and the value of the 
pressure ascendant of that portion of the pressure system which 
moved over the station during the tendency time interval. 

This value of the pressure ascendant is readily deter- 
mined by the number, or fraction of unit isobars which have 
moved over the station during the time interval by measurement 
on the map. The velocity and direction of movement of the sys- 
tem may be computed by use of the appropriate velocity formula. 
Knowing these quantities, the tendency due to movement is read- 
ily determined. In practice, after having computed the velocity 
ef the center of the system, we lay off a distance equal to a 
three hour displacement, in the direction of motion, which lo- 


cates a point. The difference in pressure between the center 
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and this point measures the tendency due to motion of the system. 

These two tendencies (diurnal and movement) subtracted 
algebraically from the observed tendency give the deepening ten- 
deney. The sign will be plus for filiing and minus for deepen- 
ing. 

In stationery systems, and those containing weak gra- 
dients with slow motion, the tendeney due to movement is negli- 
gible; in rapidly moving systems, however, this member is the 
greatest. 

The instantaneous effective tendency at the center of a 
system is the measure of the deepening or filling which is tak- 
ing place at the center. Therefore, the tendency profile will 
have a value on its ordinate, drawn. thru the center of the sys- 
tem, which is zero only when the center of the system is neither 
deepening nor filling. 

The deepening or filling which is taking place within 
any closed isobar is determined from the planimetric value of 


the instantaneous effective tendencies within that isobar. 
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Vil. CONCLUSIONS 


As previously mentioned these two series were selected 
because they are hurricane situations. They do not represent 
ideal types which present unusually favorable opportunities 
for computation. In fact, being summer situations, they pres- 
ent a iess favoreble condition than at other seasons of the 
year when air mess distinctions are more marked. 

The results obtained in the study of these two series 
would indicate that the application of these methods is prac- 
tical in the analysis of the daily weather map. 

In general, it has been found that velocity computea- 
tions give excellent results, which, when extrapolated for 
twelve hour periods, give displacements which compare very 
favoravly with actual displecements. ixtrapolation for langer 
periods magnifies any error of computation and disregards any 
change in concitions of that system or surrounding systems 
which may influence the computed instantaneous velocity. 

Having computed the velocity of e system, in extrapo- 
lating the movement, it is necessary to consider the effects 
and movements of surrounding systems, therefore, while appli- 
cation of formulec is mechanical, judgment is necessary in 
applying the results. One should expect, then, to get more 
accurate results with experience. 

In many cases, computations are not practical or not 
desirable, but the methods and principles of this system may 
be applied in a qualitative manner as we have attempted in 


the study of these two series. This analytical method 
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should augment the ordinary methods of analysis. 

The development of the approximate formula for velocity 
in the discussion of Map N is an example of applying the prin- 
ciples of the method and is an extension of its use. This il- 
lustrates the adaptability of the formulac to special situa- 
tions where reasonable assumptions can be made, 

The rapidity and ease with which the Frontal velocity 
formula can be applied make it especially edaptable for use on 
the daily weather map. ‘So construction lines need be drawn 
and computations can be mede mentally. One is able to rapidly 
determine the displacement of the Front by merely multiplying 
the differences in tendencies at the point of computation by 
four tenths, multiplying the distance h by this number and 
leying off this distance along the positive direction of the 
straight portion of the isobar which was decided on as lying 
along the axis of computation, The point thus obtained repre- 
sents the 12 hour displacement. 

For short time intervals, say 12 hours, the instantan- 
eous velocity extrapolated agrees closely with the observed 
displacement. With acceleration forces present, longer periods 
of course heve greater errors and accsleration must be taken 
into account by one of three ways, namely: 

1. CompaRijon cof past displacements with displacement com- 
puted from present instantaneous velocity. 

2. By consideration of the curvature of the tendency pro- 
file in accordsnce with ruleg 13 and 14 and the applications 
of rules 15, 16, 16 and 19. 








Oe By computation of acceleration using the best available 
information, 

In the latter case, the accuracy of the computation will 
depend on the adeouacy of reports, the judgment in drawing iso- 
bars and isallebers and in interpolating between those drawn. 

The first two ways must be considered as cuelitative, 
They really give us little more than the Sign of the change tak- 
ing place. ‘This is, of course, an assistance, 

Several computations of accelerations are included in 
these series, in addition, a number of similar computations were 
made which are not included. In attempting to determine the 
practicability of acceleration computations, the use of the six 
hour eirways reports was investigated in conjunetion with the 
daily weather map. These computations were carried on for sey- 
6ral weeks, using the two A.M, airways reports as received at 
the East Boston Airport and the 8 A.M, daily weather map. ‘he 
computations in this investigation proved highly unsatisfactory, 
due primarily to the fact that the network of two A.M. reports 
is inade-uate and that of this network there are relatively few 
which are in common with the Weather Bureau network. 

The various computetions of accelerations which have been 
Tade indicate that the results are unreliable, and that their use, 
even with accurate information available, is imprectical with the 
present network of stations in the United States. 

The caleuletion cf deepening and filling may be made on 
the daily weather map with gecod results. Consideration of the 


diurnal variation in pressure is a factor which might very easily 





be overlooked. it is hoped that this paper emphasizes the im- 
portance of this consideration. 

Computations of occluding velocities demand that the 
assumptions of isobaric symmetry maintein. In instances where 
such is not the case, qualitative information may be obtained 
by use of rules 33, 34 and 35. 

The above remarks refer to conclusions drawn regarding 
the utility of various computetions on en ordinary daily map. 

Specifically, tuese series show the application of 
these methods in hurricane situations. As a result of this ap- 
plication, it can be said that these hurricanes obeyed rules 
one and two. That is, they moved in the directions of their 
isallobaric gradients, In consequence of their adherence to 
this ruls, we can say that they definitely showed their direc- 
tion of motion and changes of this direction. By cbserving the 
isalloberic gradient through the use of centinuous tendency re- 
ports we were able to determine the directions of motion of 
the Hurricanes, note their changes of courses by the movements 
of these gradients and predict those points on the coast where 
the hurricanes would first arrive. 

In the first series we had a flat and stagnant general 
pressure condition and the hurricane came inland, in the second 
series, with rapid movement of pressure systems from West to 
ast, the hurricane did not come inland. Inasmuch ss there was 
no particular activity along the Atlantic Coast in either case, 
we must assume that the paths followed by the hurricanes were 


the results of the general pressure movements. On the basis of 
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these two particular series, it appears thet there is a definite 
correlation between the path of the hurricane and the general 
movement of the pressure systems. Fositive conclusion as to 

this correlation can be made only after the analysis of addition- 
al hurricane situations. 

Application of these methods to the pressure field of 
the hurricane gave uniformly zood results, with the exception 
of aceeleration computations, Therefore it can be said that a 
hurricane behaves in a manner similar to any other low pressure 
system as far as this method is concerned, at least, after it 
reaches the latitude in which we were able to work. 

These conclusions are based solely on a consideration 
of pressure distributions and it is realized that other factors, 
such as temperature and specific humidity distributions play 
an important Halen Therefore these remarks concern only one 
phese of the entire prodlen. 

In elosing these remarks, it is believed that an in- 
crease in the usefulness of these methcds would be obtained if 
the following were available on the daily map. 

i. fenderncy reports to the nearest hundredths, including 

the zsro report. 

2. The two Cowsecutve tendency reports on each map. This 
informetion would be useful analytically, would increase the in- 
formation to be obtained from tendency characteristics and rould 
permit of dally acceleration computations which might demonstrate 


their practical application. 
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VII]. Pressure System over the United States 


20-25 August 1933. 


There follows a detailed analysis, with reproductions of 
the original maps. 

Following the last map is a plot showing computed and 
actual positions of the Hurricane. 

The make up of the maps is described in Chapter J. 

On certain maps an auxiliary axis has been drawn in order 
to avoid congestion, This axis is merely a projection of the 
axis of the hurricane, and shows the centers of isallobaric highs 


and lows relative to the original axis. 
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MAP B 


On inspecting the map of 0800, 20 August, we see that the 
long axis of the High runs approximately from A to B as indicated, 
and that the tendencies for the past 3 hours are between+2 and 
+4 along the axis, northeastward from about the 29.90 isobar. 

On inspection of the A. M. normal pressure change for this area, 
we see that it is+ 2. This would indicate a filling of the High 
at a very slow rate, since the tendency along the wedge line, cor-~ 
rected for diurnal range, is a direct measure of the deepening or 
fillings. This slicht filling can be verified on the 0800, 21 
August map, both maps, of course being subject to the same diurnal 
tendency values for the previous three hours. 

In order to compute the rotation of the axis of a pressure 
system, it is necessary to compute the velocity of two or more 
points along the wedge and determine the angle of rotation by sub- 
tracting one from the other, the difference being the tangential 
velocity of a vector drawn from the center of the system. In 
this case it can be seen at a@ glance that the tendencies run, in 
zeneral,perpendicular to the wedze line. This means that the 
numerator of the formula for velocity must be zero, since there is 
no difference in tendencies between ( $,0) and (-$,0), the X axis 
being drawn perpendicular to the wedge line. This means that the 
velocity of the wedge is zero, all along, i.e., no translation and 
no rotation. This seems to agree with the succeeding maps. It 
will also be observed that the tendencies for the previous three 
hours ere roughly parallel and about .01 inch higher than those 


for the preceding three hours. When we consider that the diurnal 
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range is fairly flat from 1l P.M., to 5 A.M., the?r rises .02 
from 0500 to 0800, we conclude that the tendencies due to filling 
are substantially equal for the two three hour periods. This 
indicates that A T is zero along an X axis perpendicular to the 
wedge, and by inspection of the acceleration formula, it will be 
seen that the numerator will come out to be zero again. This 
means that accelerations as well as velocities of the wedge are 
zero, so there is no reason to expect motion along an axis per- 
pendicular to the wedge. Drawing this short axis from C to 
D we find a very similar condition as regards filling, velocities 
and accelerations. Our conclusion is that the High pressure 
area will remain in about the same position with little change in 
intensity or change of form for at least the next 24 hours. 

Let us now compute the velocity of the front which runs from 
Williston, North Dakota, through Vicksburg, Mississippi. Since 
the isobar's gradient is very slight, for convenience, we will use 
the trough formula as an approximation of the movement of this 
front. Drawing as an X axis the line E F we lay off the unit 


Gistances (0,0),(1,0)(-1,0) etc., as indicated. Using the 


formula Cy - Mr, 0) = Ti 0) 
os we get 
Fue) ~ 2 Fo, 0) bs Fi1,0) : 
C 0 =- {+ 


= a unit in th®@e hours 
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These values are marked on the chart as they are picked off the 
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pressure field. 


The same procedure is carried out along axis G to H getting 


C, = 0.5 = (+3) 
_ - ped. «14 mit im 
—— wd 3 hours 
29.98-2(29.80) + 29.80 
ACCELERATIONS. 


Along axis E F 


Using formula for approximate acceleration 
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Note that those terms within curved brackets can be taken from the 


velocity computation. 


Along Axis G, H, 


B- Glee _ +18 + 25 
(18) (18)> 
*®> -£ = “2 
{18) 40 
Now to 


determine the position of the front 24 hours hence we use 





om 


the Fornula 


Along line E F, since A =0, we get $=: +4 x 8 = 8 unit 
10 
{8 = number of 3 hour time periods in 24 hours). 
Comparing this computed movement with that actually observed in 24 
hours we cet close agreement. 
Along line GH, in 24 hours 


u 
S = .4xe8+(4)61)(8) = 1.12 -64 = 1/12-.8 - .32 
40 BO unit 


Comparing this with the observed displacement we see that the com- 
puted displacement is somewhat less than actually took place. The 
acceleration, however is in the correct direction. It will be 
seen from the above examples of accelerations that the AT terms 
are 1wxost important in the formula. It may also be observed that 
these values are the most difficult to determine because of the 
irregular character of the isallobars. It is for these reasons 
that computation of accelerations is not particularly practicable 


on the weather map. 
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MAP C 


_ Considering the front from Salt Lake City around Yellowstone, 
we observe an area of generally necative tendencies to the south- 
east of the front and a similar rising area on the other side of 
the front. In the Rocky Mountain region where atmospheric pres- 
sures are corrected to sea level pressure for entry, we should re- 
member that these pressures are fictitious and do not represent 
the actual pressure system on the surface. Therefore, if we try 
to make computations of velocities in this region, those pressures 
we pick from the map will give erroneous results because of their 
fictitious character. It will be noted that temperature plays an 
important role in the reduction to sea level pressures, so that 
the isobars we draw in on the surface map over this region are the 
resultant of pressure and temperature changes, rather than pure 
pressure changes. Therefore, these isobars are not applicable to 
our formulae which are derived fram considerations of pressure 
only. But, although reduced pressures are fictitious, pressure 
tendencies are real, just as they are for sea level stations, so 
we can consider these tendencies and draw general conclusicns, 
even though we are unable to make computations. 

This isallobaric gradient which we have observed will have 
the effect of sivinge a large value of velocity in the velocity 
formula, so in general, we should expect a rather repid movement 
of this front to the southeastward. This will be accompanied by 
a slight inerease in the High pressu.e area centered abcut Tatoosh 
Island because in the wedge we observe: 3 and+ 4 tendencies. 

These two observations are in agreement, as we would expect the 


High to fill in over Northwestern United States, while at the same 
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time the frontal surface advances before it. 
In general, this map has changed little from the preceding 
map; the entire U. S. area is characterized by practically sta- 


tionary pressure systems which are changing in intensity only 


Slightly. 
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MAP D 


The most significant feature of the map of 20 August, 2000, 
is the fact that the zero isallobar for the past three hours lies 
in approximately that position indicated as zero normal pressure 
chance in the diurnal pressure change chart. This indicates, of 
a steady condition for a stationary system, the pressure 
system neither filling nor deepening, and it will be noticed thet 
the long axis of the High lies along the same general line. 

The front in the Rocky Mountain regien continues to exper- 
ience a rapid fall in tendencies in advance of and rise behind it 
and we can see that its motion is correspondingly rapid. 

fhe approaching hurricane is first observed on the map at 
this point. Assuming its course as unknown, and noting that the 
tendencies over the High pressure area are very slight and indi- 
cate a zero change, if we consider the diurnal range, there cen be 
no resistance to the movement of the pressure system surrounding 
the hurricane due to a building up of pressure anywhere in the 
Southeastern United States. Tendencies in Southern Florida have 
the normal value for & P.M., but the tendencies along the Carolines 
are recorded as zero and plus one whereas for this region the hnor- 
mal change is plus 2, we therefore have a falling pressure; this is 
accentuated in the area surrounding Norfolk. This station ob- 
Serves a minus two which indicates an actual minus four. On the 
continent we might expect the area of least resistance ‘:o be along 
the North Caroline Coast, because of the foregoing reasons and the 
fact that there is a concentrated rise in the isaelloberic systen 
along the northern Atlantic Coast. As observed before, Soutbecm 


Florida is maintaining its pressure level and this area along the 
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Carolinas is the weak area in the Atlantic pressure systen. Had 


there been risins tendencies all along the Atlentic Coast, we 


should have 3:xpected that the hurricane would have met resistance 


which would have prevented its coming inland. But we observe 
this weak area and with the lack of observations over the sea 


region, we micht expect the approach of the hurricane towards the 


region of falling pressure. 
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MAP E 


This map shows continued falling tendencies along the Kast 
Coast, indicative of the approach of a low pressure system. 
Bearing in mind the diurnal range, at 0200, these tendencies ob- 
served are about the corrected tendencies. The entire East Coast 
is subject to minus tendencies, with a marked center for the fails 
for the two tendency periods about Norfolk, Virginia. Due to 
lack of observing stations in the ocean area, computations can not 
be made, but these falling tendencies would indicate a movement of 
the old front lying along the coast in a westward direction. MThis 
movement of the front towards the area of falling tendencies was 
actually observed on the regular map from hydrometérs and ship re- 
ports, and lay in position indicated in later maps. Note that 
the concentrated area of rising tendencies along the Northern At- 
lantic Coast, remarked on in the preceding map, has resulted in an 
elongation of the High pressure system and a corresponding dis- 
placement of the old front along the Atlantic Coast to the eastward. 

The general situation over the continent is unchanged, the 
stagnant High filling very slowly as before, with no indication of 
movement by consideration of tendencies. The western fronts con- 
tinue as before. 

The Hurricane continues to move in e general westerly direc- 
tion, parallel to the isobars and the only indication on the map 
of its approach to the continent is the condition for retreat of 
the old front, that is, falling tendencies to the westward of the 


front. 
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The Atlantic Coast front, in its southern section has moved 
westward to the Caroline Coast and it epvears from the regular 
surface map that the air mass differences are becoming very in- 
distinct. The northern portion of the same front continues its 
motion in a southeasterly direction. It appears that this front 
is now tendins to take up an East flest position, that is, it is 
rotating with the pivot point about where the front crogeses the 
70° longitude line. This motion is in agreement with the cener- 
al effectively falling tendencies along the central Atlantic sea- 
board. 

We will apply the term "effective" tendency to the tendency 
which is obtained from the observed tendency after it has been 
corrected for the diurnal tendency for the same three-hour period 
as taken from the Normal Pressure Change maps or normal diurnal 
curve. 

It is important to notice that the effective tendencies 
along the Carolinas continue to be slightly negative. The plus 
O02 dashed isallobar becomes effectively minus one, while the minus 
O1, dotted isallobar, represents the effective tendency for its 3 
hour period (see normal diurnal curve). These two minus 01 is- 
allobars run roughly coincident. This means that over this region 
we have had a steady rate of fail of .01 inch every three hours. 
This represents a steady condition, that is, no accelerations have 
taken place, therefore we should expect this rate to continue for 


some time. In twenty-four hours, eight tendency periods, we would 





Te 


get a deepending ef 8 x .02 - .08 inch. Comparing pressures at 
Jacksonville, Charleston, Savannah, and Wilmington at 0800 on 21 
and 22 August, we see that the pressures observed 24 hours later 
are in close agreement with this rate. This is an example of 

the usefulness of double tendency reports even where the accelera- 
tion formula can not be directly applied but where its principles 
may be utilized. 
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MAP G 

The dashed minus 03 tendencies located in the center of the 
stationary high give an effective zero pressure change. Within 
a closed isobar, the expansion or contraction of the closed curve 
(i.e., deepending or filling) is measured by the planimetric 
value of the enclosed tendencies. In computing this value we 
know that the deepening is a function of the product of the ten- 
dencies and their area, divided by the entire area. 

Roughly, as an example, say that the plus 04 area is only 
1/6 that of the area within the 


curve. The value then is 





exo + 4x1 _ 6 - 2.3 
On this map we do not have all the information within the isobar, 
nor the complete curve, but we can see by the shape of the minus 
03 isallobar that the general value within the isobar may be 
approximated as between minus O2 and minus 03. This gives an 
effective tendency of about zero. 

Therefore we should expect the 0.30 isobar to remain sta- 
tionary. 

The wedge line shows an effective zero tendency and the High 
pressure system continues to remain stationary end unchanged. 

The effective tendencies along the Cerolinas continue to be 


minus Ol. 
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MAP H 





When we consider this map the most noticeable feature is the 
seneral area of falling tendencies east of the Middle States’ 
Front. We see that the Appalachian region alone does not report 
actual falling tendencies. These are rather uniformly plus Ol. 

Now if we compare this map with the Normal Pressure Change Map for 
that period we see that our isallobars arrance themselves very well 
in the same general distribution as shown thereon; however, we 

note that when we correct our reported tendencies for the normal 
change, we find that we have an effective fall of 02 in the entire 
area east of the Appalachians, and extending up to the St. Lawrence 
River. This minus 02 area indicates additional falling tenden- 
cies compared to our previous minus 01 along the Atlantic Coast. 

It is to be noticed that the isallobars are arranging themselves 
parallel .to the Atlantic Coast. This means that the falling ten- 
dencies are general with no particular area of rising tendencies 
which might act as a resistance to the motion of the hurricane, but 
there is, as yet, no point of particular weakening in the isallo- 
baric system which might indicate the direction of motion of the 


hurricane. 








MAP I 





This map shows continued minus 02 tendencies along the Atlan- 
tic seaboard with possibly greater falls at Hatteras and Raleigh 
and over Maryland, New Jersey and Southeastern Pennsylvania. The 
large High centered over the St. Lawrence valley continues to 
change little in either shape or intensity; tendency values along 


the wedge continue to indicate a stagnant condition. 
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MAP J 





The plus 01 dashed isallobar ineludes the Eastern seaboard 
as far west as the Appalachians, and as far north as Block Island. 
This indicates an effective minus 02 tendency over this region and 
in addition we observe zero tendency reported at Charleston, Wil- 
mington and Hatteras which indicates an effective minus 03. The 
dotted minus 05 isallobar, which is the effective tendency for the 
period, includes the same area as that of the dashed effective 
minus 03 isallobar. It will now be seen that for nine hours the 
effective tendency has been minus 03 over this area, Therefore 
it can be said that this area constitutes the region of greatest 
weekness along the Atlantic Coast. 

From the beginning of the series we have seen that falling 
tendencies were prevalent over Eastern United States and especial- 
ly along the Atlantic Coast. We have now found a definite point 
of weakness alonz the coast. It is reasonable to expect that the 
approaching hurricane will not be repulsed by the stagnant slight- 
ly falling pressure system over the continent and if it comes in-~ 
land, will do so at the point of greatest pressure fall. In 
other words, if the hurricane behaves in the manner of any other 
low pressure system, we would predict its motion to be towards 
this point of falling pressure, having no contrary evidence of any 


kind. 








me 
Pkg 
ira) 


ul 

=s 
a: 

ih @ ; 
~** 


“f* ila a) > 
Wei one eee 
an a ~~ e 


te eae 


rs ~~ #8 
P — eel 
F \ 





DMCS At dies 





SCC RU EEE Ach Miksa me lhe ny monn 





MAP Rk. 


We come to the 1400 map. The three hour (dashed) is- 
allobars indicate the pressure changes from 11 A.M. to 2 P.™, 
This is the period of maximum fall during the day at these 
coastal stations, and the magnitude is approximately minus 03. 
See the curve of diurnal range. Dashed minus 03 lines are 
therefore lines of effective zero tendencies, The South 
Carolina, Georgia, Florida coast shows an effective zero, but 
when we consider the coast to the northward we again see the 
effective minus 03 area, which has persisted in the same region 
for each tendency period for the past twelve hours and in addi- 
tion we see that Hatteras now reports an effective minus 06. 
This decided increase in the rate of fall following the steady 
rate of fall for the previous periods would seem to indicate 
an accelerated transport of lower and lower isobars across 
that station. If we assume circular isobars in the approach- 
low pressure system, we would expect its motion to agree with 
Rule No. 1, namely, "Circular centers of lows move along the 
isallobaric gradient."' Hence we can say that since the trans- 
port of isobars across Hatteras is greater than at any other 
station, and since Hatteras lies within the area of greatest 
falling tendencies along the coast, we are justified in expect- 
ing at this time that the low pressure center will pass in the 
vicinity of llatteras. At the same time we notice that over the 


Great Lakes region the stagnant high has at least, an effective 





minus 02 value along the wedge. If we take the normal tendency 
for this area for this period as between minus 02 and minus 03, 
we see that the effective tendency is at least minus 02. If 

this rate continues for another twenty-four hours, or eight ten- 
dency periods, these stations should show a decrease in pressure 
of at least sixteen hundredths. Going to the 1400 map of 23 
August we see that the actual decrease in this area was between 
17 and 20 hundredths. This is an increase in the rate of weak- 
ening or breaking down of the High Pressure system, Since be- 
fore this time it has offered no resistance to the approach of 

a low pressure system and now its rete of deepening has increased, 
the entire system being flat, it follows that the motion of the 
Hurricane will net be suddenly influenced by the presence of this 


Hegh pressure system. 
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MAP lan 


First to be noticed on this map is an effective minus 
18 at Hatteras. A low pressure system is now definitely seen 
moving on to the Coastal stations in this area. Let us now 
consider the behavior of the pressure at the individual sta- 
tions in the vicinity of Cape Hatteras. From our previous 
chart Wilmington has recorded an effective minus 03, on this 
map we see that between 1400 and 1700 Wilmington had an effec- 
tive minus 05, and for the period 1700-2000 an effective minus 
08. Charleston at 1400 on Map K the effective tendency was 
zero, from 1400 to 1700 it was minus 05 and from 1700 to 2000 
it was minus 05. At Norfolk at 1400 we observed an effective 
minus O01, from 1400 to 1700 an effective minus 05 and from 
1700 to 2000 an effective minus 08. Richmond at 1400 was ef- 
fectively minus 01, 1400-1700 minus 04, 1700 to 2000 minus 05. 
Tabulating: 


1400 1700 2000 
Wilmington ~O3 -05 -08 increase in rate of fall. 


Charleston 0 ~05 -05 rate of fall has steadied. 
Norfolk -O1 -05 -08 increase in rate of fall. 
Richmond -01 ~04 ~05 Rate of fall has aisost 
Raleigh -03 -04 00 stopped telling Pe 


From a consideration of these values and the isallo- 
baric system shown on the map, it is evident that the Iurricane 
must move in a general northwesterly direction. This because 
the pressures on the coast to the south of the Hurricane have 


effectively stopped falling and the low pressure system must 





move along the isallobaric gradient. The fact that along 
the Coast to the north of the Hurricane effective tendencies 


continue to be negative, bears out this conclusion. 
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MAP M. 

Here we observe the approach of the Hurricane in the 
same northwesterly direction, following the isallobaric gra- 
dient. On this map we can see more decidedly that this gra- 
dient is in the iiorthwesterly cirection with Norfolk and Cape 
Henry showing effective minus 24 tendencies compared to Wil- 
ington which has only a minus 10. In addition Richmond 
shows an effective minus 12. Hatteras, Norfolk and Richmond 
are in a line showing the greatest pressure falls and accord- 
ingly we now expect the center to follow this line, On this 
map, for the first time in the series, we can definitely pre- 
dict the direction of motion of the hurricane. Now let us 
see if we can get some rough estimate of its velocity. We 
have no date over the sea, but from the curvature of the iso- 
bars we can see that Hatteras is nearest the center of the sys- 
tem. In order to arrive at this estimate from the data avail- 
able, we will meke the following assumptions: 

1. Steady velocity. 

2. Symmetry of isobars,. 

So. Symmetry of isallobars. 
in mating these assumptions we reaiize that the accuracy of the 
result depends cn how closely real conditions approximate 
those assumed. In ae circular pressure system the assumptions 
of symuetry are logical and our results will only be extrapo- 
lated for 12 hours which will minimize the error caused by 


the first assumption. 





G6 


By inspection of the pressure system we see that the 
tendency and pressure profiles show a fairly constant slope 
along the line AB from Hatteras to the 29.80 isobar. Hence 
we will select this distance as our unit = CD. In all compu- 
tations, positive directions are taken in the sense of the 
usual XY coordinates, unless specifically stated otherwise. 

Knowing that Hatteras is nearest the center of the 
system and having no better information available, we will 
take the pressure recorded at Hatteras as that of the center 
of the system. 


Taking the formula for velocity of a pressure system 
@ ae Ti ,0 = Anke 
’ Caiee aa ras * Page, 


we will rearrange the terms in accordance with asswnptions 2 


J 


and 3, getting 


in ae Gee = se Ue 


L 


a2 > ar ee 
: - 70 o, 9° 
since 
4,0 = — T-1, 
p e 
a Cae 


from the assumptions. 


Filling in the formula we get C, = - Fe 
27-50 —-15&.506 


mw ¢.: rt Unit . 
For a 12 hour displacement we get 4 x 1/4 = 1 unit. 


This puts the center of the Hurricane just South of Washington, 


at Point D on 23 August at 1400. Actually we observe on the 
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map of 1400 23 August that Richmond reports the lowest pres- 
sure. Since the center of the low had not yet reached reached 
Hetteras when we made our calculations, we would expect the cen- 
ter to lie somewhere behind the point of calculation and find- 
ing it at Hichmond instead of at Foint D is in accordance with 
our expectations. Cur rough estimate has proved satisfactory. 
This is a good example of the utility of these methods for 


approximation. 
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MAP KR. 


Drawing the axis AB along the isallobaric gradient we 
will make enother approximation of the velocity. We note the 
difference in direction between this direction of gradient and 
that of the preceding map. in this case, however, we have well 
developed isallobaric systems, On the preceding map we were 
making cur best approximation. In Grder to make a computation 
te determine whether this line AB is rotating or not, we draw 
the perpendicular line UP. It is impertent to know whether or 
not the line AB is rotating, because if these is a real and 
rapid rotation to the right, the lurricane will change course 
to the right and pass out to sea again. Using DE as a unit we 
compute the velocity by the frornula 

i ek — Cee 


42 
ae = SIE laidses tate 


~t, 9 


— 


we get _ 
f yo - 


,0O 


a: 


This gives a value of zero for the numerator and our velocity 
of the Point D towards i is zero, 

if we have the velocity of D towards = it is seen 
that the angular velocity of AB about C can be readily deter- 
mined, Therefore the line AB is not rotating at this time ac- 
cording to this approximation. 

Now we will compute the velocity of the Hurricane 
along the line of isallobaric gradient AB. Filling in the 


formula of approximation as in the preceding map we get, for a 





VG 


unit length of CD 


-~ 27? 
=—y— ci! = aera es | 
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le = lees 


(, , 


For 12 hours we get a displacement of 4x.29 = 1.16 unit. 

We have tsaken Norfolk as the center, actually since pressures 
are still falling at that station, we would expect the con- 
puted center to lie the same distance behind the computed 
point as the actual center now lies behind Norfolk. The con- 
puted point for 12 hour displacement lies just north of Balti- 
more, this agrees well with the observed position 12 hours 
later on Map P. Jt will be remembered that these calculations 
are still approximate since the pressure system has not come 


entirely cn the continent. 
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WAP OQ. 


By this chart the center of low pressure is definite- 
ly on the continent so we can form a fairly accurate idea of 
the pressure distribution around it. First we draw our ex- 
pected axis of movement in the direction of the isallobaric 
gradient, from the isallobaric high to the isallobaric low. 
This is the line AB. Now we draw the pressure profile along 
this axis. From this profile we determine the pressure at the 
center to be about 28.88". Having the pressures and tenden- 
cies on both sides of the center along this axis we use the 


formula: 
feos is Psyes . ae. 


to compute the instantaneous velocity, using CD as our unit. 


Substituting we get: 


-20 - 23) pee eo 2 ae 
J 


i) 


CL. ct - 





(27.76 425.90)- 2 (26.66) 
assuming this instantaneous velocity to be maintained for 12 
hours we get 4 x 0.27 = 1.08 unit movement in the 12 hours. 

This movement places the center very close to Belle- 
fonte. This agrees reasonably well with the actual movement. 

computing the acceleration along the line AB we use 
as our unit the length CX, more nearly to approximate the 
true slope of the tending profile. 


Cur formula is: 
a am [4 Te r OTi1,6 nee heer ts.) ia (7,47 Ten ae Ch 2 = ae + fee 


A + 
ar 7S ae § fe) 
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This gives us, for the unit length CD, 
A. = wie =weicicils 
computing 24 hours displacement, 
Sacwec il + + At* 
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SQ =,.t? ¥§ + (~.9% Jey Se2Ge— (67 -& wee? Soi Ce 
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This result gives entirely too great a retardation, as can be 
seen from the map 24 hours hence. (See discussion of accelera- 


tions in Part I.) 


Deepening and Filling. 
From Chapter Vi of K & DP we take the formula 


DP = oP +€-V7P ; VP = ascendant 
ot aT 


This may be expressed also as (gradient - -ascendant. ) 


T£=T, - T,, 
where 
Tg = Tendency due to deepening (or filling). Plus signs 
indicate filling; minus signs 
deepening. 
o = Yendeney observed. 
tT. = Tendency due to motion. 


Having computed € and knowing the pressure gradient from the iso- 
bars drawn on the map, we can enter the tendency values in the 
above formula and compute the tendency which is due to deepen- 


ing (or filling) of the system. Knowing Tq we can directly com- 
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pute the value of the point of lowest pressure on the follow- 
ing map by merely applying the Product of Tq and the number 

of Tendency periods to the lowest pressure observed on the pres- 
ent map. This assumes a constant rate of filling or deepening. 
The acceleration or retardation of this rate can be obtained 
qualitatively by reference to rules 36 and 38, namely, 

"A eyclone center increases in strength when the tendency pro- 
files are curved cyclonically anddecreases in strength when the 
tendency profiles are curved anticyclonically" and “The increase 
or decrease in strength is. ecual to the magnitude of the curva- 
ture of the pressure profiles." 

We must apply the correction for fiurnal range to the 
tendency observed in our computations. Taking the formula 

ie “tee= Te 
we solve, getting T,. = (-15 Tendency observed at the center) - 
(#3 correction for diurnel range). 

Knowing € we lay off the displacement for one tendency 
period along the line of motion (AB) with a pair of dividers 
from C, the center of the system, and observe that in this in- 
terval we cross a total of isobars equal to .25 inch of mercury. 
The point C has then been subject to a dropping tendency of 


25 in the past three hours. This then is T the tendency to 


mi? 
which the point C has been subject during the period, due to 
the transport of isobars across it. 


Filline in 
- Vee =e 


we gee Ty = —1S - Csyp ae © 25) = “eS 
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Therefore the center at 2000 on 23 August should be 28.88 
(Pressure now) plus 2 x13 = 29.14 
computed at 2000 = 29,14 


Actual lowest press reported = 29.10 


Deepest point in pressure trough (see profile) = 29.05 
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MAP P. 


Drawing the axis AB along the isallobaric gradient, 
we see that it lies in the same direction as it did on the 
previous map, showing no rotation. On inspecting the isallo- 
bearic distribution we see that it is now not quite aiptenatlee te: 
eal with respect to this line, which would lead us to suspect 
that there is going to be a rotation set up. 

While the low had circular isobars, the line AB rep- 
resented the isallobaric gradient and characteristic line, 
since a characteristic line can be drawn in any direction 
through concentric circles. Now we see that the isobars are 
becoming elongated and in this case, the line AB represents 
both the long axis (characteristic line) and the line of is- 
allobaric gradient. Computation of the rotation of this line, 
will, of course, give us a measure of the rotation of the long 
axis of the system. 

Drawing line EF and using DG as a unit we fill in 


the formula 





Cc 2 s ieee —-T.. [ = - ese 5 ee o ane : 
a e 
" “= 3) eae (2 27-69 ~ 2(29.60)4 29.7% 


12 hours gives 4/16 anit = 1/4 unit. Laying this off along 
DE we get the point H. Twelve hours later our lene axis 
Should lie along a line parallel to the line joining C and fi. 
Computing the velocity of the center along AB we get, for unit 
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In twelve hours we get 4x.258 = 1.05 unit. je can not 
compute the velocity of C perpendicular to AB because of ocean 
area to eastward, but by inspection we can see that the isall- 
obars run through the center perpendicular to AB, this means 
that there is no isallobaric gradient from West to ast, there- 
fore the point C will have no motion laterj\al to AB. 

Knowing that the center will move according to rule II 
"The velocity of a vressure center falls between the isallo- 
baric gradient and the longest axis, and the nearer the long- 
est exis the more elliptical the center is." Here we have coin- 
cidence between the line of gradient and longest axis. There- 
fore we would expect the pressure system to become more and 
more elongated; and, since the long axis is rotating to the 
right, that the pressure center wiil follow a path curving in 
such a way as to follow the direction of rotation of the long 
axis. Laying off our distance of 1.05 unit along CS and draw- 
ing a perpendicular from this point to the line CH, we get the 
point R, which is the predicted position of the center as a 
resultant of the two motions. 

This does net ters --celeration into account, but it 
Wiil he noticed that twelve hour periods are short snough time 
intervals that smail atceelerations do not have an appreciable 
effect. 

TRE . above computation shows again the value of con- 
structing the pressure profile along the axis chosen. After 
drewing the two sides of the profile — the values picked 


off the chart, we simply draw a smooth continuous curve to 
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connect the two points of lowest pressure. ‘The lowest point of 
the profile then becomes our best estimate of the pressure at 
the center. This value of 29.05 was tho one used in the compu- 
tation. It can be readily seen that had we assumed the lowest 
reported pressure as that at the center we should have obtained 
an appreciably different result. 

we will now turn our attention to the acceleration of 
the system, choosing as our whole unit the distance used as 1/2 
unit for computing velocity. This is in order to approxinate 
the slope of the tendency profile over the range of our differ- 
entiation, | 


Se 


{a acceleretion formula now becomes 
mm [a a, oO Ate , ~ Vier ) a Cea, .) (ne = alsin v3 Tae 
ee ee ee ee 






ae 
2 
Gi 2 Sr 
we get: 
tL (43-0) L6o0T ~ [-1ry— Gre) (-/¥ +§478) co oa : 
ane = ce meage 0> men” eae = (Fo +369) | —-(3 Unit pogo 
feéoj- (6 a 
or, ta 


Terwmy o ouv Ue = 
E elocety uneT AL = ~“OGS unc Per 3 hy. 


Computing our displacement for 24 hours we get: 


J= et +taet 
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So = - 2g 

aes & ha x Gaaes ) eee 
I= 2.06 = Jae 
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"92 &e. ST wh 2yY hours 


This computation predicts that the center of the system 


will be in almost the same position 24 hours hence. An inspec- 





See 
tion of the later chart shows that it is decidedly in error. 
The computation of the instantaneous velocity gave us a relia- 
ble prediction for 12 hours, but the application of the erro- 
neous acceleration term had led to an absurd result by 24 
hours. Let us refer again to the previous discussion of ac- 
celerations, it ? 


oak, 
hy 


fo compute deepening or filling, we set 


oP om c= Cre) aoe 
a 
st 


Tn six hours we get 2.45) + +10 


from pressure profile lowest pressure 5 Baas 
filling in 6 hours = eo 
a 
Value of lowest pressure at 0200 = 27. /5 
Actually lowest reported =. eae 


"or twelve hours we get 297.05 
+t . 2° 
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actually there was reported at 0800 24 August 29.50 
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The long axis AB has rotated to the right, but we no- 
tice a more symmetrical distribution of isallabars about this 
axis. This would lead us to believe that the rotation would 
not continue. Calculating velocity of point D towards =, us- 


ing DG as a unit 


f= . + f-e-Gs.s) ] =) Wet, 2. oe Oat Per 3 Ares, 


29.77 - 2024.50) + 69-77 
This shows a continued rotation of the long axis to the right 
but at an almost negligible rate. 
Calculating velocity along AB, getting "o.-= 23-/6 from the 


pressure profile curve, using CS as a unit, we get 


= = (+5 ba : 
C 2 oe eee age es a es oe 


2 29.66 — 2025.46) +25-VE 5 « 
12 hour displacement = 4 x .295 = 1.18 unit. 
Calculating the velocity along JK we get, usins CL as a unit 


C Be 1 J-2- (-3) ] = 5. 
a ee ee 
29-72 -1(24.06) + 2.20 Peg 


This value is insignificant, being beyond the limits of accu- 


owe Ce 





racy of the methods. 

Then we can say that the motion will be all along 
the line AB accompanied by a slight rotation of the long axis 
to the right, which would be expected to swing the center slow- 
ly towards the right. This results in a slightly greated dis- 
placement than was observed, but with an accuracy close enoush 
for practical purposes. ‘The Point R is the calculated position 


of the center. 
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MAP Re 
Using unit length cS for computations along AB, note 
from profile of the tendencies how the unit chosen approximates 
the slope of the profile as it passes the center. Had we chosen 
a larger unit the approximate slope would have been entirely er- 
ronecus because at point S the slope of the tendency profile 


changes. 
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repeating the process along axis EF, using CG& as a unit we get 


- aos Ge = -—Saee = ere 
> V0 70 


kesolving the two velocities along their computed axes and apply- 


ing the displacement for 12 hours thus: 





NesolfTantT Aus pilncewme = s 


we get the computed magnitude and direction of motion, -e.the 


resultant displacement. 


Henee 
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Plotting on the chart we get point H as the computed 


point. 
vie show here the acceleration as computed by two differ- 
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ent persons to show the cffeet of individual judgment and of 
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using only slightly different values in the various members. 


Ye use the formula: 


A (27,0 na a gw CF ee ee —2 Ce 7 Tae) Gm ae Ja dace Ty) 
Cc ESE SY 
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CF -2 Pet Pio) 
A fea jos ee £ { (-*<-5) - (OO) i ~eeeers Ms wg f 
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C2)" 
A. = Las = tT.ary ont Per Comes period 
1370 


This shows a slight positive acceleration. 
os = Co goles, ee eG We) ft 10 es en th 


eo Coy” 


A, = {30 = — , O7S 
G3» unit per tendency period 


Which shows a decided retardation. 

It will be noticed that actually the differences in 
the values selected are very small and yet the results do not 
even agree in sign. ‘The magnitudesof the results are likewise 
small, but when we consider that the acceleration enters into 
our displacement calculation with the scuare of the time in- 
terval, we realize the effect it has on a longer period. 

Deepening or Filling 
Ta Te 
Ly >= ~ 3 =(Geee cece “ecw 
We get a computed deepening of -Ol1 every three hours. This 
would give (2 «-.e' = ~or)s 2750 = a7. 2 es pressure mini- 
mum at 1400 on 24 August. Actually the lowest pressure on the 


pressure profile at that time is 29.34. 
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MAP S. 

By the time we reach this map our pressure system is 
reaching an area where we have fewer observations. Conseauent- 
ly we shall scon be unable to make meny computations. Already 
the uncertainty of the isallobaric distribution in the North 
mekes it necessary to choose rather a short unit length in that 
direction. 

we drew our axes, AB and ZF, along the long and short 
axes of our system. 2 chose a unit of length CS to the north 
and CG to the Lest. We will now compute the velocity of the 
eenter along these ftiwo directions, 


Taking the LF axis first with our unit CG: 
(-3 - Gr 


C4 G-6O8= 2 2y.35) F S567 


ees 
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Now taking the AB axis with CS unit length: 
+ [-« - (+s) ] 


a eee ae ee 
24-5 %-~ zt Aatyss) trzi.ss 
Cosa eee 
37 
Ce IIT ower per 3 ben. 


ovr .7 unit in 12 hours in the A direction. 
Laying off these lengths in the proper directions and taking 
the resuitant we get the point Has our predicted position of 
the center at 0200 25 August. This agrees closely with the 
Observed location of the center. 


Yow let us compute the deepening in the usual manner 
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Hence we conclude the center is filling at the rate of 
.04 every 3 hours or .16 in 12 hours. ‘This gives a predicted 


value of 29.51 for the center at 0200. The lowest reported was 
29.47. 
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NAP T. 

Drawing AB alongs the isallobaric gradient we will use 
the approximate method for computing velocity, since there is 
a lack of reports in the forward portion of the low pressure 
system. By inspection we cansee that the isallobars run in 
general perpendicular to the line AB through the center. This 
means that 7,,-7.,, will come out to be zero and therefore 
along ea line perpendicular to AB the velocity will be zero, 


Computing the velocity along AB we take the approximate formula 


- Ts PS G = G unt per 3B hes 


za — — —- 
eel A - 
Gy = G.60-79-38 zs 


a fi. sous as trope 


In twelve hours we get 4 x 6 or about one unit of 


ws 2 
a5 «CB 
length cs’ 

This puts the center at 0800 on 25 August at point Ss 
which compares favorably with the map for that date. 
Computing the deepening by use of this approximate ve- 


locity we get 


Tae #+oat- Croat) C-o4) > +o0¢ 
OU x a = - (6 imc h rese Aw mr Aevrvys 
217-95 €t-.tq = ty. 9 


pressure computed. 
Lowest pressure reported at 0800 25 August is 29,48 inches of : 
mercury. 
here are ineluded in this series the maps for the 
Succeeding 24 hours. These may be required by the reader for 
the purpose of checking the location of the system from the 


previous computations. 
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The followinz two charts depict the twelve hour positions 
of the center of the hurricane, and these positions are connected 
with a dotted line which represents the actual path traversed by 
the disturbance. The thin soled lines represent the computed 
displacements of the center. Corresponding numbers are assigned 
the computed and actual positions for the same instant, for in- 
stance, number 2 computed position is that calculated position of 
the center which actually arrived at number 2 on the dotted line. 

It may be remarked that the exact position of the center 
is subject to the drawing of isobars and that the results indi- 
cated are considered within the limits of accuracy expected. It 
will be seen that in each instance the predicted location of the 


center lay within the isobar of lowest pressure. 











* a 


—— of ae 
a 





ie 
aa A 















: - ° —e 
a ha Pha hhh hy 
—* Peer abt a ih 








Lon 


IX. Weather Situation over the United States 
13-19 September 1935. 


There follows a detailed analysis, with reproductions of 
the original maps. 

Following the last map is a plot, showing the path of the 
Hurricane and the areas of greatest negative tendency for each 


period. 
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MAP 1 


This series opens with e map which apparently repre- 
sents an inactive pressure situation over the United States. 

At first glance, the question which naturally arises in consid- 
ering Map 1 is that of the future behavior of the low pressure 
area centered over Missouri. se observe the reported tenden- 
cies at the top of the warm sector are plus 04. As the normal 
pressure change of this area during this time is between plus 
02 and plus 03, we should take this as indication that the 
trough is slowly filling. This is borne out by both the rules 
for deepening and filling c’ trough lines, and warm sector cy- 
clones. See rules 25 and Se. 7 

This indicates that the aforementioned LOW will fl71 
and diseppear and that it will not become a predominating factor 
in the future vressure distribution. This process of filling 
can be verified on later maps. 

Turning our attention to the High Centered North of 
the Great Lakes region, we notice that the wedge line curves 
roughly around the front in such a way that we have a wedge in 
advance and in the rear of the warm sector. Inspection of the 
effective tendencies along the wedge lines show that the system 
is filling. 

This filling presents resistance to the passage of 
the Front into the High Pressure area. 
Inspecting the isallobaric distribution at the front, 


at the top of the warm sector, we would expect a small movement 





JO9 


along the warm sector isobars in a North kasterly direction, 
Since we note that there are larger tendencies to the South at 
the Front than there are at the North. This is anexample of 
the practical application of the principles of these methods 
without resorting to computation. Without going into computa- 
tions at this point, we must expect the general pressure dis- 
tribution to behave thus: The High over the Great Lakes will 
slowly fill, the Front will progress slowly in a North “astward 
direction and the Low centered over Missouri will gradually 
disappear. This means that the trough will be become less in- 


tense. 
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MAP 2 





fhis map shows little change in the general situa- 
tion. Developments are taking place as expected from the pre- 


vious map. 
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MAP 3 


On this map the effective tendencies at the Front over 
Indiana and Ohio are approximately equal on both sides, hence 
we would expect very little movement of the Front in this re- 
gion. Northwest of the Front, over Missouri, we notice larger 
tendencies than we see Southeast of the Front in the same re- 
gion, hence we would expect motion in a south Aasterly direc- 
tion of this portion of the Yront. 

Both the dashed and dotted isallobars show extensive 
areas of effectively falling tendencies over Montana and Idaho, 
indicating the rapid approach of the Front from the Pacific 
Ccean. 

Turning our attention to the South Eastern section of 
United States, the coastal stations of Georgia and florida re- 
port zero tendencies, Inasmuch as the normal tendency at this 
period is sbout plus 05, this indicates effective minus 05 ten- 
dencies. The approximate position of the Hurricane is as in- 
dicated on the map. These falling tendencies are apparently 
caused by the proximity of this Low center, whose direction of 
motion is as yet undetermined. At present the isallobaric dis- 
tribution on the continent gives no indication as to the probable 


course of the disturbance, 
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The general pressure distribution remains unchanged. 
A building up of effective tendencies over New England of rlus 
Ol has persisted for two tendency periods, fHinus 04 tendencies 
along the coast of Naryland and Pennsylvania indicate a condi- 
tion for retreat of the Front lying along this region, to the 
Northward. Notice that this is the same development that ap- 
peared in the first series as well as the effectively falling 


tendencies along the Southern Atlantic coast. 
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HAP 5S 


The High Pressure area continues to build up slowly 
over Northern New “{ngland at the rate of approximately plus Ol 
every three hours. | 

The falling tendencies along the Southern Atlantic 
Coast continue to fail effectively at the approximate rate of 
minus 03. Note the character of the general falling tenden- 
cies alcng the South Atlantic Coost. There is no area of con- 
centrated falls which might indicate a point towards which the 
hurricane might be expected to progress, rather there is a gen- 
eral fall prevailing which indicates its approach but not its 
path, 

The ares of rising tendencies centered over Northern 
Indiana and Illinois indicate a continued motion of this por- 
tion of the Front to the South fastward. 

The marked falling tendencies in advance of the Iront 
in the Rocky Mountain region and the slight rises behind it, in- 
dicate a rapid motion of this front to the Bastward, The move- 
ments of these twe fronts indicate a transport of air masses 
across the United States from West to East. This, coupled with 
the rising pressure over New ingland would seem to indicate at 
present, a general opposition to the approaching hurricane. 

This general conclusion is further strengthened by ref- 

erence to the previous series. In that series we observed a 
generally stagnant condition over the United States with a quasi- 
stationary front over the central states and comparatively little 


transport of air masses. 
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MAP 6 





The general tendencies along the South Atlantic Coast 
continue to fall, effectively minus 05. The absence of concen- 
trated falls continues to be noticed. 

The movements of the two fronts occurred as anticipated 
and the same condition prevails for the continuation of the 
movement of the Western Front. 

This map shows that the trough, originally centered 
over Missouri has filled and now the pressure situation over 


the astern United States is becoming very flat. 
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MAP _7 


Here again there is little change in the rate of devel- 
opment. That is, the falling tendencies alone the South Atlan- 
tic Coast continue at the same rate and in the same general re- 
gion. The rapidly moving front over the Rocky Mountains con- 
tinues Castward. The Northemrigh continues to build up slowly 
aS can be seen from the plus 02 dashed isallobar which indicates 


an effective plus Ol. 
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MAP 8 


The dotted minus 02 isallobar along the South Atlantic 
Goast indicates a contin-ation of the same general falling ten-e 
dencies. The tendencies for the past three hours, however, show 
a slight increase in the rate of fali at Hatteras, from an effec- 
tive minus 03 to an effective minus 05 at this one station, The 
area in the vicinity of Hatteras elso shows a sitiull increase in 
the rate of fall amounting to about minus 01. As before, the 
isallobars arrange themselves parelliel to this section of the 
coast without any marked concentration. 

The rate of change of the pressure distribution over the 
United States remains practically steady, that is, the Western 
Front moves Zastward at a steady and rapid rate and the Northern 


High continues to build up slowly. 
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KAP 9 


Here we see the isobaric system of the hurricane def- 
initely moving on to the coast. The direction of motion of the 
hurricane has been in a general North Westerly direction, i.e., 
perpendicular to the minus 03 isallobar which has been running 
along the South Atlantic Ccoest, this of course shows the motion 
to have been along the isallobaric gradient which is as expect- 
ed. Cn this map the dashed tendencies at Hatteras and Wilming- 
ton are effectively minus 08, while at Charleston and Savannah, 
the effective tendencies are minus 04. This indicates that the 
isallobaric gradient is in a line from the center of the hurri- 
cane toward a point somewhere between Hatteras and Vilmington. 
Therefore, we should expect its motion, at present, to be in 
this direction. 

Having decided upon the direction of motion of the dis- 
turbance, we will consider the general pressure system on the 
continent. Lffective dashed tendencies over Maine are plus 04, 
over Southern New ingland plus 02, and the area to the north of 


the Atlantic Front are plus Ol. The Rocky Mountain Front shows 


continued -Uesstward advance. The area North of the Middle states 


Front shows indications of a slow fall in tendency values. ‘he 
pressure gradient, however, continues to he very flat, so we 
can compute no motion. At the present moment no further deduc- 


tions regarding future developments can be made. 
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MAP 10 


Considering the isallobaric distributions for the two 
periods available on this map, it is evident that the dotted 
isallobars show maximum fall in the vicinity of dilmington, 
while the dashed isallobars show the maximum fall to be in the 
vicinity of Hatteras. This indicates a change in the direction 
of the isallobsric gradient, hence a change in the direction of 
motion of the center of the disturbance. Now, at 1400, 15 Sep- 
tember, the isallobaric gradient lies in a line extending be- 
tween Hatteras and Cape Henry, thus indicating a change in @i- 


rection of motion of the center from North West to North. 
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The point of maximum fall for both the dotted and dashed 
isallobars is at penteqres, There are no corresponding, tendency 
falls at any of the other observing stations, This shows that 
the isallobaric gradicnts are not progressing inland and bears 
out our determination on the previous map of a northerly direc- 
tion of motion of the Hurricane. #ie also find a corner in the 
tendency characteristic at “ilmington which indicates that 
lower and lower isobars have ceased crossing this station and 
its pressure is now rising. Stations to the South of #ilming- 
ton, on the coast are behaving similarly, therefore the center 
of low pressure is moving away from Wilmington end since it 
is South of Hatteras, we can definitely say that the Hurricane 
will not pass inland South of Hatteras and its motion at pres- 
ent is directed Northerly. In addition the area of effective- 
ly rising tendencies of between plus O1 and plus 02 over ijes- 
tern Worth carolina and Western Virginia including Baltimore 
would indicate that the Hurricane will not pass inland over 
this area. On the other hand, thive is an area of effective 
minus O01 tendencies north of the Atlantic Front along the en- 
tire coast which indicates a general area of falling pressures 
in that direction. This strengthens the determination of a con- 


tinued northerly direction of motion of the Hurricane. 
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MAP -12 


Looking over the isallobaric distribution on this map 


we see that Hatteras reports the maximum fall for both periods. 


The erea of large falis continues to be to the Viorth of Hat- 
teras along the North Atlantic coast. On the last map this 
area showed an effective tendency of minus 01. for the period 
2000 to 2300 (dotted isallobars) it shows about an effective 
minus 23, and for the period 2300 to 0200 (dashed isallobars) 
an effective minus 05. This increase in the rate of fall ex- 
tends up the coast as far North as Nantucket. To the west the 
falls are less for both periods. Comparing this isalloberic 
gradient with those of the past maps it follows that we should 
expect that the hurricane will not travel farther westward, 
and that any future change in its direction of motion will be 
to the Sastward of its present northerly course. The Western 
Front continues to move rapidly Eastward and with the general 
falling tendencies over New Ungland, we conclude that the High 
Over this region is moving off the map, in advance of the two 


approaching low pressure systens. 
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MAP 13 


The center of the disturbance passed Hatteras as shown 
by the barograph characteristic and the isallobaric gradient 
shows definitely its general direction of motion. The minus 
(dotted) isallobaric center of fall is at Hatteras, the dashed 
isallobaric center of fall has now moved off the coast. Notice 
that the magnitude of the falls et Norfolk and Cape Henry are 
decidedly less than those previously shown at Hatteras. This 
indicates without questicn that the isallobaric gradient is 
continuing to move to the right, away from the coast and the 
disturbance, in following this gradient will move away, rather 
than towards the continent. 

Heretofore in this series no computations of velocities 
have been made because of the general condition. Specifically, 
lack of observing stations along the Atlantic front, very 
Slight pressure gradient about the Middle States Front and of 
course in the Rocky Mountain region, the fictitious pressures 
would be expected to give unsatisfactory results. 

Now the Western Front has moved so far eastward that 
the pressures in the troush represent the real surface gradient, 
but the scarcity of observing stations in the area of the 
Northern Great Lakes Region makes the true gradient still ques- 
tionable. Notice that there are three isobars faired in between 
Duluth and @seanaba. Therefore, any computations made along the 
lorthern section of this front would not be expected to be any 
more valid than the assumed isobaric gradient. Such conditions 


show the Limitations of the use of this numerical method. Hoyw- 








YY 


ever, qualitative analysis by consideration of the principles 
of these methods is always possible and will yield consistent 
results. 

Choosing Point C on the Kront as the Northernmost 
point at which the pressure gradient as drawn is reliable, we 
compute the velocity of this point along the line AB. AB is 
drawn roughly parallel to the 29.70 isobar to the west of the 


Front, 
Filling in the Frontal formula 
one g Pa 
Ca at ae e sz Cra) 
= gf P 6 
eee eee A 
OX ax 


= «3684 aa Somwouw S.. 


Extrapolating this velocity along AB for 12 hours we get 

¥ x.6h~+2.44A or Pont § 
This agrees nicely with the position of the front 12 hours hence, 
Note that the unit h is equal to the distance CD, the distance 
between unit isobars along the axis. This computation shows 
that the rapid motion of the Western Front will continue. The 
warm sector shows an occluding velocity along the warm sector 


29.80 isobar of the following magnitude, using the occluding 


velocity formula. 
ai Ss & 9g Ps, ye. 
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h is the distance GR, i.9., the distance between unit isobars 
along the axis. 

‘This computation tells us that the top of the warm 
sector will ocelude rapidly. #e can not compute the ecclud- 
ing velocity along the 29.90 isobar because the isobar dces 
net run symmetricelly with the fronts. See the assumptions 
in K and DP in the derivation of the occluding formula, The 
isobers being roughly parallel to the Southern portion of the 
cold FRONT would indicate little movement in this section. 
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WAP 14 


The largest dotted tendency fall is shown at Cape Henry 
and the largest dashed fall reported is at New York; Hatteras 
shows the largest tendency rises for both periods. The hurri- 
eane continues to move along the anticipated general direction 
with no indication of a change in that direction taking place. 
Likewise, the movement of the Western front, now in the central 


States has been in agreement with computed velocities. 
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MAP 15 


There being no area of concentration of falling isallo- 
bars along the Atlantic Coast to the north of the Hurricane, it 
continues to remain apparent that the disturbance will continue 
its trend to the eastward. 

Computing the velocity of Point C along line A B, we get, 
using the frontal velocity formula: 


oe ae. (+6) = A°60he = 239785 sa Zao Fie Ss. 
F Bu tO 
ta] 
Likewise, computing the velocity of D along GE, we get: 
ao SET) ee Se Peg Ppa ed eee, 


12 = 6 
h 
These two computations, extrapolated for 12 hours give 
points S and T respectively. This shows good agreement with the 
observed movement. 
The axes are chosen to roughly parallel the isobars behind 
the front, h being the distances between unit isobars along the 


axis from the center points, C and D to the next higher isobars, 


soing in the positive direction along the axes. 
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Computing the velocity of Point C on the Front we get: 


-4 - (tz) = 2G G6 tal 3B hes. 
— 1s 2 
——_— - Oo 
A 
Likewise for Point D, we get: 
ee Ge Cae =) ee eee 


i@ - 90 
A 

These velocities, extrapolated for 12 hours sive Points 
S and T respectively, in good agreement with the actual velocity 
of the Front. 

As far as the hurricane is concerned, we see that the 
area of largest reported falling tendencies continues to be around 
Long Island and Southern New England; the rises are in the Norfolk- 


Hatteras area. This indicates continued motion in a northeasterly 


direction. 
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Computing velocity of the Front at Point C:- 


CL. . CY ae oy, Cee 
‘ 7 a 
h 


Similarly for Point D:- 


fee = GEES. She eee 
iS 


A 


Giving Points S and T respectively for the position of 
these points on the Front 12 hours later. 

On the past several maps the major, western section of 
this front has been exposed to a very weak isobaric gradient with 
the isobars running roughly parallel to the front; this, of 
course, indicates little movement and computations become imprac- 
tical. 

The past six hours have apparently broucht no change in 
the direction of motion of the hurricane, The Block Island - 
Nantucket area continues to report the largest minus tendencies 
indicating that the motion will continue in the same northeaster- 


ly direction. 
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MAP 18 


This map is an example of a situation where numerical 
computations are not practical. Let us first analyze the ten- 
Gencies along the front running from Baltimore, northward. We 
can not accept the tendencies as reported for the previous three 
hours as representative of the actual instantaneous tendency at 
the present time. As reported, they are composed first of a 
rising tendency due to the northeastward movement of the hurri- 
cane and then to a falling tendency due to the approach of the 
front. It then becomes impossible to decide upon the magnitude 
of the fall associated with the front's approach. This is true 
about as far north as New Haven. North of that point they may 
be accepted es more nearly representative. Here, however, we 
begin to be hampered by scarcity of reports which preventsus from 
drawing the accurate representation of the pressure and tendency 
sradients. The importance of the true gradients becomes appar- 
ent when we remember that in calculating the movement of the 
front we are basing our predictions on the magnitude of the gradi- 
ent at an individual point. 

Immediately West of this front in its Northern section the 
reported tendencies are a combination of pressure changes due to 
the frontel passage within the tendency period and changes due to 
the proximity of the hurricane. Here again it becomes impossible 
to draw isellobars that will represent the true instantaneous ten- 
dency. 

Turning our attention to the front over Michigan, we can 
feel fairly sure that the isallobars as faired in behind the front 


are reasonably accurate. In advance of the front the lack of 
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MAP 18 (Continued) 


reports makes the drawing of both isobars and isallobars problen- 
atical. In fact, it can be seen that the minus 08 isallobar is 
based upon a single report at Detroit and the characteristic at 
this station makes it even more doubtful. Here again the iso- 
baric gradient will have an enormous effect on the result. 

We ean, of course, get some idea of the movements of these 
fronts from a qualitative point of view. Along the northern sec- 
tion of! the Eastern front with falls on both sides of the front 
and the isobars comparatively parallel to the front, we should ex- 
pect little motion. Seuth of New Haven, however, we realize that 
the actual falls in advance of the front sre larger than reported, 
and that the isobers show a stronger compenent perpendicular to the 
front.. This leads us to expect a bulgins out in this section. 
Along the East-West section of this same front the gradients, both 
isobaric and isallobaric, are slight and the motion will be small. 

The front over Michigan has large rising tendencies to the 
Northwest and falling tendencies to the Eastward. In its Southern 
section the sradient again becomes much less. The combination 


will produce 2 bulging out similar to that of the Eastern front. 











“ee 


7 a 
“Oe 


3 Wy 


SURAT MNRirRA dct Whe. mee CCA AUCN\ Meh NORM) Esto )UmE TORN I) NR: hve: (Mcae 





ra $2 (sy) 








* ah 


: 


ab E<eO 











17a, 
MAP 19 


The same general situation likewise holds for this map, 
imposing the same limitations upon numerical computations of 
frontal velocities. The effective rising dotted and dashed is- 
allobars centered over Mscanaba and Marquette show less intensity 
than the corresponding rises on the previous map, hence we should 
expect the velocity of the front over the Lake region to decrease, 
since the falls preceding this front are of about the same magni- 
tude as those before. The Western Fronts have active falls in ad- 
vance ot them and with the corresponding rises behind the Western- 


most, we anticipate rapid movement of this sytem to the eastward. 
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MAP 20 


The hurricane now having passed sufficiently far to the 
northeastward for its influence no longer to be shown in the ten- 
dencies reported in advance of the front over Pennsylvania and New 
York, we will attempt some computations of the movement of the 
front in this area. We realize that there is only 2 small seetion 
where computations can be made, but if our interpretations are 
reasonably accurate, the results should sive a fairly true estimate 
of the movenent in this section. 


Drawing an axis A B and filling in our formula, we cet: 


— fj — (+) oe 2 ae o.2 4 
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taking the movement for 12 hours or 4 periods, we get: 


a\se 
mee oO 4 do 12-€ 4 = ah) a 12 he eee 
& 6S ai, 


Applying this movement along our exis, Wwe get the point S. 

Starting at the point C, the distance from this point to 
the 29.80 isobar is our basic h. The distence from the point Cc to 
the 29,60 isobar is 1.6 times this length. In going along the 


axis in the usual pcesitive direction from point C, we are goings to- 





ward lower pressure, hence os is negative and the value 
becomes ~ - Going from the point C toward B we go from low 
1.6 


to higher pressure whicn is pesitive, but we are going aiong the 


axis in the negative direction so our expression a Ff, becomes 
Wye oy 

—en 

A 


Draving the axis E G and filling in our formula, we get: 


- -! -(+1) 7 2 3 
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Multiplying by 4 to obtain the 12 hour movement, we get 2.4 h which 
gives us the point T as the predicted location 12 hours hence. 

fhe remarks made above relative to the signs of the members 
apply here also. The basic h is the distance alonz the E G axis 
between the point D and the 29.90 isobar. 

Drawing the axis J K end proceeding as before we get: 
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Multiplying by 4 we get 2h as the 12 hour displacement, 








and laying it off we arrive at the point W. 

These 5 points, W, S, and T now represent the predicted 
location of this section of the front 12 hours hence. A reference 
to map 22 shows that these points represent a fair mean of the 


position of the front at that time. 
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MAP 21 


The computations on the previous map having shown the 
velocity of the Front over Pennsylvanie until it passes off the 
coast and the quasi-stationary front along the East West Line 
showing no activity, y we turn our attention to the system of 
Fronts moving over the Rocky Mountains. AS yet wo may not at- 
tempt calculations because of the altitude of the reporting sta- 
tions in this area, but we can see that the concentration of 


isallobars will give continued rapid motion. 
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MAP 22 


The Western system of Fronts continues to be the dominat- 
ing factor on the map. The same remarks as those on the previous 


map apply in this case. 
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MAP 23 


The warm front passing through Minneapolis has now reached 
a region where the isobaric gradient approaches that of the true 
surface gradient and we would expect to be able to compute the 
velocity of this front. Attempting to compute this velocity, we 
get a very slow motion as a result. 

Referring to the map twelve hours hence, we find our dis- 
placement entirely too small, For example, computation of point C 


along A B gives: 


=e EG) 


Me ae ok fn meu 
+ {2 -9 
a 


hours the displacement is found to be .4 h om the point S. Similar 
computations of points D and KM alons the axes of their warm sector 
isobars will give similarly too small results, 

The question arises as to the cause of this error. Ob- 
viously the isobaric gradient should be reasonably correct, there-_ 
fore the fault must like in the values of the tendencies used, 
Glanecing at the dashed isallobers in advance and rear of this Front, 
we see that there are many faired in between relatively few report- 
ing stations. Especially in the rear of the front, the locations 
of these isallobars as drawn in becomes very questionable. The ar- 
rengenent of the reporting stations gives no clue to their paths. 
The isallobars shown on the map were faired in as being the most 
reasonable. This arrancement is obviously incorrect. Rearrange- 
ment of these isallobars would sive radically different results. 

The feulk lies, not with the method, but with the scarcity of re- 


porting stations. Had the isallobaric gradient in this region been 
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MAP 23 (Continued) 


small, the true tendency values could have been closer apvroxi- 
mated, but in this instance, in the warm sector behind this Front 
on which we have made our calculations, we have, north of the 
29.70 isobar, only four reporting stations in the entire region 
and the gradient lies between minus 11 and minus 02. Therefore, 
the arrangement of the isallobars being the cause of our error in 
computations, this demonstration should serve as an example of the 
necessity of sufficient reports to determine the true isallobars 
and that for large isallobaric gradients more reporting stations 
are needed tnan in the regions repa@ ting more nearly uniform ten- 
dencies. It is obvious that the greater the number of reporting 
stations on the map, the more reliable should be our results in 
the use of this method. Hence, in steep isallobaric gradient 
situations, definite arrangement of the isallobars is most essen- 
tial. 

Looking at the isellobaric system in advence of thig warn 
front and that behind the Westernmost Front, we see large falls in 
advance and large rises behind this system of thtee Fronts. Al- 
though calculations are unsuccessful, as mentioned, we can see 
cuslitatively that the entire system is subject to a rapid advance, 
that is, the numerator of any velocity formula across this area 
would be very large because of this large difference in tendencies. 
In addition the rapidly falling tendencies between the Fronts indi- 
cate rapid occlusion. 

Therefore, combining general conditions with individual 


ealculations, large errors of calculations are immediately noticed. 
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MAP 24 


The situation progresses evenly and the general condition 
remains unchanced on the ensuing maps which are inserted for pur- 


poses of checkine and continuity. 
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The dotted line represents the path of the hurricane, the 
encircled crosses are the reported positions of the center at the 
times indicated alongside, The date is underscored in all 
cases. The areas of largest negative tendencies are indicated 
by F. The times shown indicate the three hour period ending at 
that time. Thus, F 16 11, 14 wonid mean that the area of 
largest fall was at the point indicated for the tendency periods 
ending at 1100 and at 1400 on the 16th. By comparing the dates, 
one can determine the area of falling pressure at any time as the 
hurricane progressed. Note the manner in which the area marked 
F rotated in advance of the center of the hurricane, thereby in- 


dicating its direction of approach. 
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Practical application of 
Fetterssen's kinematical and 
dynamical principles to the 
movement of pressure systems and 
fronts in the United States 


including deepening and filling. 
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